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(57)  Inanignition apparatus for internal combustion
engine, since a current caused to flow by an induced
voltage generated at both ends of a secondary winding
L2 when starting conduction to a primary winding L1 is
checked from the conduction by diode for prevention of
areverse current 31, a spark discharge is not generated

Ignition apparatus for internal combustion engine

between the electrodes 13a - 13b of the spark plug 13
when starting the conduction to a primary winding L1.
After ending the spark discharge, the ionized current is
generated between the electrodes of the spark plug by
impressing the induced voltage (the ionized current gen-
erating voltage) created at both ends of the air-fuel mix-
ture by a residual energy of the ignition coil 15.
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Description

[0001] The presentinvention relates to an ignition ap-
paratus for internal combustion engine. More specifical-
ly, this invention relates to the ignition apparatus that has
a function to generate a firing voltage (Hereinafter re-
ferred to as "a high voltage for firing") in the ignition coil
for generating the spark discharge between electrodes
of a spark plug and to supply an ionized current after a
spark discharge.
[0002] Ininternal combustion engines used in such as
vehicle engines, when an air-fuel mixture is ignited by a
spark discharge that is generated by a spark plug, ion
is generated following this firing. Therefore, after the air-
fuel mixture is ignited by the spark discharge of the spark
plug, an ionized current flows by supplying a voltage be-
tween electrodes of the spark plug. As the amount of
the generated ion changes with ignited conditions of the
air-fuel mixture, the ionized current generating by the
generated ion is detected and analyzed, whereby to car-
ry out a misfire detection or knocking detection.
[0003] Inthe conventional ignition apparatus for inter-
nal combustion engine, which has a function for gener-
ating the ionized current, the spark plug is electrically
connected to one end of a secondary winding while a
capacitor is provided in series to the other end thereof;
when the spark discharge generates at the spark
plug, the capacitor is charged by a spark discharge cur-
rent (Hereinafter, referred to as "secondary current")
flowing in the secondary winding of the ignition coil and
the spark plug;
the charged capacitor is discharged after stopping the
spark discharge, whereby a voltage is supplied between
electrodes of the spark plug through the secondary
winding (for example, Japanese Patent Publication NO.
Hei4-191465 or Japanese Patent Publication NO.
Hei10-238446).
[0004] In such an ignition apparatus for internal com-
bustion engine, a Zener diode is provided in parallel to
the capacitor for preventing the capacitor from destruc-
tion, which is caused by an overcharge thereof. Moreo-
ver, in the ignition apparatus, a voltage at both ends of
the capacitor is limited to be constant voltage (100 to
300[V]).
[0005] Thus, the ignition apparatus for internal com-
bustion engine employing the capacitor as an electric
power supply for generating the ionized current does not
require to particularly provide an electric power supply
(such as battery) exclusively used for supplying the ion-
ized current. Therefore, parts of the ignition apparatus
are reduced and miniaturization is realized.
[0006] However, in the ignition apparatus for internal
combustion engine of the structure which discharges
the capacitor charged with the secondary current flow-
ing while generating a spark discharge at the spark plug,
when turning on electricity in the primary winding for ac-
cumulating magnetic flux energy in the ignition coil, a
high voltage (several kV), which has a opposed polarity
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to the high voltage for firing, is generated at the second-
ary winding, whereby the spark discharge of the spark
plug is generated before a normal firing time. Therefore,
this may bring about a misfire of the air-fuel mixture.
[0007] The above-mentioned ignition apparatus is
structured such that a conductive path of the secondary
current causes a current to be conductive in both direc-
tions, whereby the ignition apparatus makes it possible
to charge the capacitor connected in series to the con-
ductive path of the secondary current when generating
the spark discharge at the spark plug and to discharge
the capacitor when generating the ionized current be-
tween the electrodes of the spark plug. The ignition ap-
paratus is structured such that the conductive path of
the secondary current causes current to be conductive
in both directions. Therefore, in such an ignition appa-
ratus for internal combustion engine which is accompa-
nied with changing of magnetic flux density in the igni-
tion coil at starting conduction to the primary winding,
an induced voltage having an opposed polarity thereof
at the time to cut off the primary current, is generated at
both ends of the secondary winding.

[0008] In case the induced voltage generated at the
time to cut off the primary current is higher than a voltage
value necessary to generate the spark discharge, the
spark discharge is generated at the spark plug under a
condition where the secondary current flows in a op-
posed direction to a secondary current flowing at the
time of an inherent spark discharge.

[0009] Further, under a condition where the conduc-
tion of the primary current to the primary winding is con-
stant, the rotation speed of the internal combustion en-
gine is higher, a time of starting the conduction of the
primary current to the primary winding is determined at
"an earlier period of a crank angle". Herein, "The earlier
period of the crank angle" indicates "a time when an in-
ternal pressure within a cylinder is low".

[0010] Itis known that the lower the internal pressure
in the cylinder is, the lower the discharge voltage at the
spark plug. Therefore, When the internal combustion
engine operated at high rotation speed, a misfire of the
air-fuel mixture is easy to happen, since the high voltage
(several kV) of the opposed polarity to the high voltage
for firing, which is generated in the secondary winding
at the time to start a conduction to the primary winding.
In order to avoid generating the misfire of the air-fuel
mixture at the earlier period ("a time when an internal
pressure within a cylinder is low"), it is necessary that a
conductive direction in the conductive path of the sec-
ondary current is determined to be one direction and a
so-called diode for preventing reverse current is provid-
ed between one end of the secondary winding and one
end of the spark plug so that current is allowed to flow
only when the time to cut off the primary current.
[0011] However, in case the diode for preventing re-
verse current is provided between one end of the sec-
ondary winding and one end of the spark plug so as to
allow only the conduction of the secondary currentin the
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secondary winding when the time to cut off the primary
current, the ignition apparatus for internal combustion
engine having the function generating the ionized cur-
rent makes it possible to charge the capacitor by the
secondary current, and the current by discharging from
the capacitor cannot flow, whereby it is difficult to pro-
vide the ionized current between electrodes of the spark
plug.

[0012] Therefore, the ionized current flowing between
the electrodes of the spark plug cannot be detected.
[0013] Itis an object of the invention to provide an ig-
nition apparatus for internal combustion engine which
can restrain a misfire of the air-fuel mixture caused by
generating the spark discharge at the spark plug when
the time to start a conduction to the primary winding,
and can generate and detect the ionized current be-
tween electrodes of the spark plug.

[0014] According to the first aspect of the invention,
an ignition apparatus for an internal combustion engine
comprises:

an ignition coil comprising a primary winding and a
secondary winding, wherein the secondary winding
has a high voltage side and a low voltage side, and
the ignition coil generates a firing voltage supplied
to the secondary winding by cutting off a primary
current flowing in the primary winding;

a switching device for conducting and cutting off the
primary current;

a spark plug connected in series to the secondary
winding to form a closing loop, wherein a spark dis-
charge is generated in the spark plug when a sec-
ondary current generated by the firing voltage flows
in the spark plug;

a diode for preventing a reverse current, connected
to a conducting path between the spark plug and
the high voltage side, wherein the diode conducts
the secondary current when a primary current is cut
off, the diode cuts off the secondary current when
the primary current starts to flow;

a current detecting device connected in series to the
secondary winding and the spark plug; and

a supplied voltage limiting device holding a voltage
applied to the current detecting device below a pre-
determined value when the firing voltage is gener-
ated, wherein an ionized current generating voltage
is supplied to the secondary winding by a residual
energy when the residual energy is remained in the
ignition coil after the spark discharge, the current
detecting device detects a current in proportion to
the ionized current, which is generated when the
ionized current generating voltage is supplied to the
spark plug.

[0015] In short, in the ignition apparatus for internal
combustion engine of the invention, the diode for pre-
venting reverse current is provided in the conductive
path connecting the high voltage side of the secondary
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winding of the ignition coil to the spark plug, thereby to
limit the current conductive directions in the conductive
path of the secondary current to be one direction.
[0016] The diode for preventing reverse current cuts
off the conduction by a high voltage generated at both
ends of the secondary winding when the time to start
the conduction to the primary winding, so that the high
voltage generated at both ends of the secondary wind-
ing when the time to start the conduction to the primary
winding prevents a generation of the spark discharge
between electrodes (a center electrode and an earth
electrode) of the spark plug.
[0017] Further, in the ignition apparatus for internal
combustion engine of the invention,

the spark plug is supplied with an induced voltage
generated at both ends of the secondary winding by re-
sidual energy existing in the ignition coil after ending the
spark discharge of the spark plug, thereby to conduct
the ionized current between the electrodes of the spark
plug.
[0018] To explain in more detail, the induced voltage
generated at both ends of the secondary winding by the
residual energy existing in the ignition coil after ending
the spark discharge of the spark plug is supplied to the
spark plug, and the induced voltage is charged in a float-
ing capacitor existing in the conductive path of the sec-
ondary current. The floating capacitor existing in the
conductive path of the secondary current includes a
floating capacitor of the spark plug. This supplied elec-
tric charge to the floating capacitor is utilized to conduct
the ionized current between the electrodes of the spark
plug.
[0019] That is, the induced voltage supplied to both
ends of the secondary winding by the residual energy
of the ignition coil is used as a voltage for conducting
the ionized current to generate the ionized current, and
the ignition coil has a function as a power supply for gen-
erating the high voltage for firing to generate the spark
discharge and as the power supply for generating the
ionized current.
[0020] Herein, the residual energy existing in the ig-
nition coil when ending the spark discharge of the spark
plug, is insufficient for continuing the spark discharge,
but has the sufficient amount for generating the ionized
current by charging the floating capacitor in the conduc-
tive path of the secondary current. That is, the voltage
for generating the ionized current at both ends of the
secondary winding by the residual energy after ending
the spark discharge is around 1 to 5 [kV].
[0021] Such a voltage for generating the ionized cur-
rent at both ends of the secondary winding is higher than
a voltage, which is 100 to 300 [V] in the related art, ac-
cumulated by a capacitor for generating an ionized cur-
rent, which is supplied between electrodes of the spark
plug. Therefore, a larger ionized current than the one in
the related art flows between the electrodes of the spark
plug, so that a detection accuracy of the ionized current
can be improved.
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[0022] Further, the induced voltage generated at both
ends of the secondary winding after ending the spark
discharge accumulates electric charge in the floating ca-
pacitor existing in the conductive path of the secondary
current, but the supplied electric charge accumulated in
the floating capacitor of the spark plug is prevented from
back-flowing to the secondary winding by the diode for
preventing reverse current provided in the conductive
path, which connects the high voltage side of the sec-
ondary winding to the spark plug. Therefore, the sup-
plied electric charge accumulated in the floating capac-
itor of the spark plug does not only flow back to the side
of the secondary winding but also get consumed, so that
the supplied electric charge is utilized for generating the
ionized current between the electrodes of the spark
plug. In short, the diode for preventing reverse current
has a function of avoiding the misfire when the time to
start the conduction of the primary winding and also a
function of generating the ionized current between the
electrodes of the spark plug.

[0023] A current detecting means is connected in se-
ries to the secondary winding and the spark plug existing
in the conductive path of the secondary current. When
the ionized current flows between the electrodes of the
spark plug, a current flowing in the current detecting
means is in proportion to the ionized current flowing be-
tween the electrodes, the ionized current can be prefer-
ably detected by detecting the current flowing in the cur-
rent detecting means.

[0024] When the high voltage for firing (that is, the
spark discharge) is generated, a supplied voltage limit-
ing means limits an supplied voltage to the current de-
tecting means below a predetermined value, thereby it
is possible to limit a dropping rate of a supplied voltage
to the current detecting means below the predetermined
value. The dropping rate of the supplied voltage to the
current detecting means is included in the high voltage
for firing is generated in the secondary winding. There-
fore, the supplied voltage to the spark plug can be pre-
vented from decreasing. Itis possible to prevent the mis-
fire without generating the spark discharge and a termi-
nation of the spark discharge in a short time period.
[0025] According to the first aspect of the invention, a
misfire of the air-fuel mixture when the time to start the
conduction to the primary winding is prevented, and the
internal combustion engine in the present invention may
be avoided from injuries by the misfire of the air-fuel mix-
ture.

[0026] In addition, by making use of the induced volt-
age (the voltage for generating the ionized current), gen-
erated by the residual energy existing in the ignition coil
after ending the spark discharge of the spark plug, and
by serving the diode for preventing reverse current pro-
vided in the conductive path connecting the high voltage
side of the secondary winding and the spark plug, the
ionized current can be generated between the elec-
trodes of the spark plug.

[0027] When supplying a voltage between the elec-
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trodes of the spark plug for generating the ionized cur-
rent, in comparison with the case of supplying a voltage
such that the center electrode of the spark plug is neg-
ative and the earth electrode thereof is positive, in the
case of supplying a voltage such that the center elec-
trode of the spark plug is positive and the earth electrode
thereof is negative, it is known that a larger ionized cur-
rent can be generated. This is why an ion is provided
with an electron from the earth electrode having a larger
surface compared with a surface area of the center elec-
trode, whereby more electrons are exchanged and mov-
able.

[0028] From this fact, in the ignition apparatus for in-
ternal combustion engine of the invention, it is sufficient
that the ignition coil and the spark plug are provided
such that the voltage for generating the ionized current
generated at both ends of the secondary winding by the
residual energy in the ignition coil after ending. the spark
discharge of the spark plug is supplied in such a manner
that the center electrode of the spark plug is positive.
The detecting precision of the ionized current can be
more heightened thereby.

[0029] For accomplishing this effect, when cutting off
the conduction of the primary current, the ignition coil
(actually, the winding direction of the secondary wind-
ing) to be connected to the spark plug is adjusted such
that the center electrode of the ignition coil is positive.
[0030] Astothe current detecting means for detecting
a current in proportion to the ionized current, for exam-
ple, as seen in a second aspect of the invention, the
current detecting means is a detecting resistor one end
of which is connected to the low voltage side of the sec-
ondary winding, while the other end thereof is grounded.
The current detecting means detects the voltage be-
tween both ends of the detecting resistor, which is in
proportion to the ionized current.

[0031] Thus, in the detecting resistor one end of which
is connected to the low voltage side of the secondary
winding, and the other end is connected to the detecting
resistor earthed, the voltage in proportion to the ionized
current flowing between the electrodes of the spark plug
is generated between both ends of the detecting resis-
tor, when supplied the voltage for generating the ionized
current to the spark plug in order to conduct the ionized
current between the electrodes of the spark plug.
[0032] Therefore, by measuring change of the voltage
between both ends of the detecting resistor and calcu-
lating the current flowing in the detecting resistor on the
basis of the measured voltage at both ends and the re-
sistance value of the detecting resistor, the magnifica-
tion of the ionized current can be detected.

[0033] Further, the detecting resistor is grounded at
one end thereof, and a potential of the earthed end is
maintained predetermined (ground potential (O[V])), and
by detecting change of the potential at the end connect-
ed to the low voltage side of the secondary winding as
a standard potential being the ground potential, the volt-
age at both ends of the detecting resistor can be pref-
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erably detected.

[0034] Thus, according to the second aspect of the
invention, the magnitude of the ionized current flowing
between the electrodes of the spark plug can be detect-
ed, and the misfiring of the internal combustion engine
and the knocking can be judged by the ionized current
detected on the basis of this detecting resistor.

[0035] Further, the ignition apparatus forinternal com-
bustion engine of the second aspect of the invention is,
as set forth in the third aspect of the invention, the sup-
plied voltage limiting means may be structured to in-
clude a Zener diode connected in parallel to the detect-
ing resistor in such a mode that its anode is connected
to the end of the detecting resistor which is connected
to the low voltage side of the secondary winding.
[0036] That is, when the voltage difference between
the ends of the detecting resistor is above the break-
down voltage of the Zener diode, the Zener diode makes
the current conductive, thereby to limit the supplied volt-
age to the detecting resister below a predetermined val-
ue for limiting the voltage across the detecting resistor
from rising exceedingly, Therefore, the discharge cur-
rent (the secondary current) flowing when the time to
generate the spark discharge does not flow to the de-
tecting resistor but is bypassed by the Zener diode,
whereby a property of a spark discharge of the spark
plug and a firing of the air-fuel mixture can be maintained
well conditioned.

[0037] Itis sufficient that the breakdown voltage of the
Zener diode (the Zener voltage) is set at around dynam-
ic range (for example, around 5[V] or 8[V]) of the ionized
current to be detected by the detecting resistor, namely,
in response to maximum voltage values at both ends of
the detecting resistor, which is generated by the ionized
current flowing between the electrodes of the spark
plug.

[0038] It is thereby possible to preferably realize de-
tection of the ionized current using the detecting resistor.
As the Zener diode, cheap ones may be used where
withstand electric power is around 0.1[W] to 1[W].
[0039] Thus, depending on the ignition apparatus for
internal combustion engine of the invention (the third as-
pect of the invention), not only the detecting resistor
may be protected, but also the misfiring or expiration of
the spark discharge in a short time may be avoided, so
that the firing facility to the air-fuel mixture can be pre-
vented from reducing and the operating facility of the
internal combustion engine can be prevented from low-
ering.

[0040] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings in which:-

Fig. 1 is an electric circuit diagram showing the
structure of the ignition apparatus for internal com-
bustion engine of the embodiment;

Fig. 2 is a time chart showing conditions in the re-
spective parts in the ignition apparatus for internal
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combustion engine when the ignition is normally
made to the air-fuel mixture;

Fig. 3 is a time chart showing conditions in the re-
spective parts in the ignition apparatus for internal
combustion engine in case of the misfire when the
ignition is not normally made to the air-fuel mixture;
Fig. 4 is a time chart showing conditions in the re-
spective parts in the ignition apparatus for internal
combustion engine when the spark discharge is re-
generated after the misfire;

Fig. 5 is a flow chart showing the processing con-
tents of the ionized current detecting process per-
formed in the electronic control unit (ECU) of the
ignition apparatus for internal combustion engine;
Fig. 6A is a measured result of detecting the ionized
current at the normal combustion in the ignition ap-
paratus for internal combustion engine of the em-
bodiment; and

Fig. 6B is a measured result of detecting the ionize
d current at the misfire in the ignition apparatus for
internal combustion engine of the embodiment.

[0041] Fig. 1is an electric circuit diagram showing the
structure of the ignition apparatus for internal combus-
tion engine having an embodied ionized current detect-
ing unit.
[0042] Inthe present embodiment, explanation will be
made to a 1 cylinder, but the invention may be applied
to internal combustion engines having a plurality of cyl-
inders, and basic structures of the ignition apparatus for
internal combustion engines of respective cylinders are
similar.
[0043] As shown in Fig. 1, the ignition apparatus for
internal combustion engine 1 of the present embodi-
ment has a power supply (battery) 11 providing a con-
stant voltage (e.g., voltage 12 [V]), a spark plug 13 pro-
vided in the cylinder of the internal combustion engine,
the ignition coil 15 having the primary winding L1 and
the secondary winding L2 for a high voltage for firing,
the transistor 17 including an npn type power transistor
connected in series to the primary winding L1, and an
electronic control unit 19 (hereafter referred to as "ECU
19") for outputting a 1st command signal Sa to drive and
control the transistor 17.
[0044] Further, the ignition apparatus forinternal com-
bustion engine 1 has the diode for preventing reverse
current 31 where anode is connected to the secondary
winding L2 (the high voltage side 33 of the secondary
winding L2) and the cathode is connected to the center
electrode 13a of the spark plug 13,

the detecting resistor 21 connected between the
low voltage side 35 of the secondary winding L2 and the
ground of the equipotential to the negative electrode of
the power supply 11,

the supplied voltage limiting Zener diode 23 con-
nected in parallel to the detecting resistor 21, and

the detecting circuit 25 for issuing an ionized cur-
rent detecting signal Si changing in response to the ion-



9 EP 1217 206 A2 10

ized current on the basis of the voltage Vr at both ends
of the detecting resistor 21 (the detecting current io in
proportion to the ionized current x the resistance value
of the detecting resistor 21).

[0045] As forthe above mentioned ignition apparatus,
the transistor 17 may be a switching element made of a
semiconductor element switching on the basis of the 1st
command signal Sa from ECU 19 for making and cutting
off the conduction to the primary winding L1 of the igni-
tion coil 15. The ignition apparatus to be provided in the
internal combustion engine of this embodiment may be
a full transistor type ignition apparatus.

[0046] The primary winding L1 is connected at one
end to the positive electrode of the power supply 11 and
at the other end to a collector of the transistor 17, while
the secondary winding L2 is connected at one end (the
low voltage side 35), via the detecting resistor 21, to the
ground of the equipotential to the negative electrode of
the power supply 11 and at the other end (the high pres-
sure side) to the anode of the diode for preventing re-
verse current 31.

[0047] Further, the diode for preventing reverse cur-
rent 31 is connected at the anode to the secondary wind-
ing L2 and at the cathode to the center electrode 13a of
the spark plug 13, and the diode for preventing reverse
current 31 is provided to conduct a current from the sec-
ondary winding L2 toward the center electrode 13a of
the spark plug 13 and to cut off a conduction of a current
from the center electrode 13a of the spark plug 13 to-
ward the secondary winding L2.

[0048] Further, the supplied voltage limiting Zener di-
ode 23 is connected at the anode with the connecting
point between the low voltage side 35 of the secondary
winding L2 and one end of the detecting resistor 21, and
at the cathode with the ground of the equipotential to the
negative electrode of the power supply 11. In other
words, The supplied voltage limiting Zener diode is con-
nected in parallel to the detecting resistor 21.

[0049] The connecting point between the low voltage
side 35 of the secondary winding L2 and the detecting
resistor 21 is connected to the input terminal of the de-
tecting resistor 25.

[0050] The detecting circuit 25 is so structured as to
output an ionized current detecting signal Si to be
changed in response to the ionized current generating
between the electrodes of the spark plug 13 (between
the center electrode 13a and the earth electrode 13b)
on the basis the voltage Vr (actually, the potential in the
connecting point between the detecting resistor 21 and
the secondary winding L2) at both ends of the detecting
resistor 21.

[0051] The detecting circuit 25 may be made so that
the changing range of the output ionized current detect-
ing signal Si does not get out of a range enabling to input
in ECU 19.

[0052] The earth electrode 13b opposite to the center
electrode 13a may form a spark discharge gap produc-
ing the spark discharge therebetween, and may be
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earthed in the ground of the equipotential to the negative
electrode of the power supply 11.

[0053] The transistor 17 is connected at a base to the
output terminal of the 1st command signal Sa of ECU
19 and is earthed at an emitter in the ground of the equi-
potential to the negative electrode of the power supply
1.

[0054] Incase the 1stcommand signal Sa output from
ECU 19 is at low level (the ground potential) ; a base
current ib does not flow; the transistor 17 is OFF (which
is corresponding to the state of cutting off a conduction),
whereby the current (the primary current i1) never flows
in the primary winding L1 by the transistor 17.

[0055] Incontrast, in case the 1st command signal Sa
output from ECU 19 is at high level (the supplied current
5[V] from the constant voltage power supply); the base
current flows; the transistor 17 is ON (which is corre-
sponding to the state of the conductive), whereby the
current (the primary currenti1) flows in the primary wind-
ing L1 by the transistor 17.

[0056] Therefore, under the condition that the 1st
command signal Sa is at the high level and the primary
current i1 flows in the primary winding, when the 1st
command signal Sa is at low level, the transistor 17 is
OFF, whereby the conduction of the primary current i1
to the primary winding is cut off (stopped).

[0057] Then, the magnetic flux density rapidly chang-
es, and the high voltage for firing is generated in the
secondary winding L2. If the high voltage for firing is sup-
plied to the spark plug 13, the spark discharge gener-
ates between the electrodes 13a - 13b of the spark plug
13.

[0058] The ignition coil 15 is provided so as to gener-
ate a higher voltage for firing (which has the positive po-
larity) than the ground potential in the center electrode
13a of the spark plug 13 in the secondary winding L2 by
cutting off the conduction to the primary winding L1,
whereby the spark discharge is generated between the
electrodes 13a - 13b of the spark plug 13.

[0059] Being accompanied with the spark discharge,
the secondary current i2 (the spark discharge current
i2) is flowing in the secondary winding L2, the secondary
current is flowing back to the secondary winding L2
through the diode for preventing reverse current 31, the
center electrode 13a of the spark plug 13, the earth elec-
trode 13b, the ground, the detecting resistor 21 and the
supplied voltage limiting Zener diode 23 in order.
[0060] When the spark plug 13 is generated by the
high voltage for firing, since the voltage supplied to the
supplied voltage limiting Zener diode 23 is higher than
a Zener voltage, the discharged current flows in the sup-
plied voltage limiting Zener diode 23. That is, the sup-
plied voltage limiting Zener diode restrains the voltage
at both ends of the detecting resistor 21 from exceed-
ingly heightening.

[0061] Following the continuation of the spark dis-
charge in the spark plug 13, the energy accumulated in
the ignition coil 15 is consumed. If this energy is lower
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than the amount necessary for continuing the spark dis-
charge, the spark discharge naturally ceases in the
spark plug 13.

[0062] At the time when the spark discharge naturally
ceases inthe spark plug 13, the residual energy remains
in the ignition coil 15, and the voltage of around several
kV is generated at both ends of the secondary winding
L2, though itis insufficient to generation of the spark dis-
charge.

[0063] Therefore, after the spark discharge naturally
ceases in the spark plug 13, the induced voltage (the
ionized current generating voltage) generated at both
ends of the secondary winding L2 by the residual energy
is supplied to the series circuit of the diode for preventing
reverse current 31, spark plug 13, ground, and the de-
tecting resistor 21 (the supplied voltage limiting Zener
diode 23).

[0064] To explain in more detail, the induced voltage
generated at both ends of the secondary winding L2 by
the residual energy after ending the spark discharge in
the spark plug 13 is supplied in the spark plug 13 so that
the induced voltage is charged in the floating capacitor
existing in the conductive path of the secondary current
including the floating capacitor Cf of the spark plug 13 .
By using this supplied charge, the ionized current is gen-
erated between the electrodes 13a - 13b of the spark
plug 13.

[0065] In the case where the ion exists between the
electrodes 13a - 13b of the spark plug 13, the ionized
current is generated between the electrodes 13a - 13b
of the spark plug 13 by the ionized current generating
voltage, which is generated at both ends of the second-
ary winding L2 by the residual energy (in detail, by the
charge supplied in the floating capacitor existing in the
conductive path of the secondary current including the
floating capacitor Cf of the spark plug 13 in company
with supplying the ionized current generating voltage to
the spark plug).

[0066] When the ionized current is generated in such
a way, the detecting current io in proportion to the ion-
ized current flows in the path from the secondary wind-
ing L2 of the ignition coil 15, via the diode for preventing
reverse current 31, spark plug 13, ground, and the de-
tecting resistor 21, to the secondary winding L2.
[0067] Herein, the induced voltage generated at both
ends of the secondary winding L2 after ending the spark
discharge in the spark plug 13 is charged in the floating
capacitor existing in the conductive path of the second-
ary current, but the electric charge supplied in the float-
ing capacitor Cf of the spark plug 13 is prevented from
back-flow to the secondary winding L2 by the diode for
preventing reverse current 31 connected in the conduc-
tive path connecting the high voltage side 33 of the sec-
ondary winding L2 and the spark plug 13.

[0068] Thus, the electric charge supplied in the float-
ing capacitor Cf of the spark plug 13 by the induced volt-
age generated at both ends of the secondary winding
L2 by the residual energy is effectively used for gener-
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ating the ionized current between the electrodes of the
spark plug 13 through a combination with the diode for
preventing reverse current 31, which is allow to make
only the conduction of the current directing to the center
electrode 13a of the spark plug 13 from the secondary
winding L2.

[0069] When the ionized current is generated be-
tween the electrodes of the spark plug 13 in case that
the voltage Vr at both ends of the detecting resistor 21
(the supplied voltage to the supplied voltage limiting
Zener diode 23) is down the breakdown voltage (Zener
voltage) of the supplied voltage limiting Zener diode 23,
the current does not flow in the supplied voltage limiting
Zener diode 23.

[0070] In such a case, the detecting current io in pro-
portion to the ionized current flows from the secondary
winding L2 through the diode for preventing reverse cur-
rent 31, spark plug 13, ground and detecting resistor 21.
[0071] As the supplied voltage limiting Zener diode
23, such a Zener diode is used where the breakdown
voltage is determined to be higher than the voltage at
both ends of the detecting resistor 21 when producing
the ionized current generating voltage by the residual
energy of at least ignition coil 15 (when producing the
ionized current). Therefore, when producing the ionized
current generating voltage by the residual energy of the
spark plug 15, the current does not flow in the supplied
voltage limiting Zener diode 23 but the detecting current
io flows through the detecting resistor 21.

[0072] When the ionized current is generated be-
tween the electrodes 13a - 13b of the spark plug 13, the
voltage in proportion to the magnitude of the detecting
current io is generated at both ends of the detecting re-
sistor 21, and the voltage Vr at both ends of the detecting
resistor 21 changes in proportion to the magnitude of
the detecting current io (the ionized current).

[0073] When the voltage Vr at both ends of the detect-
ing resistor 21 changes, the detecting circuit 25 outputs
the ionized current detecting signal Si to ECU 19 on the
basis of the detected voltage Vr at both ends of the de-
tecting resistor 21. The detecting circuit 25 shows the
same change as that of the voltage Vr at both ends of
the detecting resistor 21 within the range in response to
the input range of the inputting terminal of ECU 19, and
outputs, as the ionized current detecting signal Si, a sig-
nal whose positive and negative polarities are reversed
with respect to the potential of the connecting point of
the detecting resistor 21 and the secondary winding L2.
Thus, the detecting circuit 25 outputs the ionized current
detecting signal Si changing in response to the ionized
current to the ECU 19.

[0074] Fig. 2 shows time charts, when the ignition to
the air-fuel mixture is normally made, expressing re-
spective conditions of the 1st command signal Sa, pri-
mary current i1 flowing in the primary winding L1, po-
tential Vp of the center electrode 13a of the spark plug
13, and voltage Vr at both ends of the detecting resistor
21 (in other words, the ionized current) in the circuit di-
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agram shown in Fig. 1.

[0075] AsshowninFig. 2, whenthe 1stcommand sig-
nal Sa is switched from the low level to the high level at
the time t1, the current (the primary current i1) starts to
flow in the primary winding L1 of the ignition coil 15.
Then, the voltage is generated at both ends of the sec-
ondary winding L2 by change of the magnetic flux den-
sity in company with the conduction starting of the pri-
mary currenti1, and the voltage is generated at this time
such that the center electrode 13a of the spark plug 13
becomes negative potential. Herein, the current gener-
ated by the voltage generated at both ends of the sec-
ondary winding L2 when starting the conduction of the
primary current i1, is checked from the conduction by
the diode for preventing reverse current 31, and the po-
tential Vp of the center electrode 13a of the spark plug
13 does not change and the spark discharge is not gen-
erated between the electrodes 13a - 13b of the spark
plug 13.

[0076] When the 1st command signal Sa is switched
from the high level to the low level at the time t2 when
the conductive time (the primary current conductive
time) passes which has previously been determined to
adapt to any operating conditions of the internal com-
bustion engine from the time t1, the conduction of the
primary current i1 to the primary winding L1 of the igni-
tion coil 15 is cut off, the magnetic flux density rapidly
changes, and the high voltage for firing (several + [kV]
or more) is generated at the secondary winding L2 of
the ignition coil 15. Then, the high voltage for firing of
the positive polarity is supplied to the center electrode
13a of the spark plug 13 from the high voltage side 33
of the secondary winding L2, the potential Vp of the cent-
er electrode 13a rapidly heightens, the spark discharge
is generated between the electrodes 13a - 13b of the
spark plug 13, and the secondary current i2 flows in the
secondary winding L2.

[0077] As the higher voltage than the Zener voltage
is supplied at both ends of the supplied voltage limiting
Zener diode 23, the supplied voltage limiting Zener di-
ode 23 makes a Zener breakdown and the current flows.
[0078] That is, the secondary current i2 (the dis-
charged current is) generated by the high voltage for fir-
ing flows through the diode for preventing reverse cur-
rent 31, spark plug 13, ground, detecting resistor 21 and
supplied voltage limiting Zener diode 23. Therefore, the
voltage Vr at both ends of the detecting resistor 21 when
genera ting the spark discharge is maintained at the
Zener voltage of the supplied voltage limiting Zener di-
ode 23, and during the period from the time t2 to the
time t3 in Fig. 2, the voltage Vr at both ends of the de-
tecting resistor 21 shows the constant value (the Zener
voltage).

[0079] Thereafter, from the time t2 to the time t3, the
magnetic flux energy of the ignition coil 15 is consumed
in company with continuation of the spark discharge in
the spark plug 13, and when the voltage generated at
both ends of the secondary winding L2 becomes smaller
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than a voltage necessary for the spark discharge by the
magnetic flux energy of the ignition coil 15, the spark
discharge cannot go on and naturally ceases. However,
as the residual energy exist in the ignition coil 15 even
after the spark discharge in the spark plug 13 naturally
ceases, the induced voltage is generated continuously
at both ends of the secondary winding L2.

[0080] Afterthe spark discharge naturally ceases, the
induced voltage generated at both ends of the second-
ary winding L2 by the residual energy is supplied as the
ionized current generating voltage in the series circuit
of the diode for preventing reverse current 31, spark
plug 13, ground and detecting resistor 21 (the supplied
voltage limiting Zener diode 23). When the ion exists be-
tween the electrodes 13a - 13b of the spark plug 13, the
ionized currentis generated between the electrodes 13a
- 13b.

[0081] As a lower voltage than the Zener voltage is
supplied at both ends of the supplied voltage limiting
Zener diode 23, the current does not flow in the supplied
voltage limiting Zener diode 23. Therefore, the ionized
current, which is generated by the induced voltage (the
ionized current generating voltage) generated the resid-
ual energy, flows through the diode for preventing re-
verse current 31, spark plug 13, ground and detecting
resistor 21.

[0082] As the ion generated by ionization brings out
with combustion of the air-fuel mixture (fuel), ion gener-
ates at the normal combustion, but does not generate
at the misfire.

[0083] When the ionized current is generated imme-
diately after the time t3 of Fig. 2, the detecting current
io in proportion to the ionized current flows in the path
from the secondary winding L2, through the diode for
preventing reverse current 31, spark plug 13, ground
and detecting resistor 21, till the secondary winding L2.
[0084] By flowing the detecting current io, potential
difference generates at both ends of the detecting resis-
tor 21, and the voltage Vr at both ends of the detecting
resistor 21 changes in response to the magnitude of the
ionized current.

[0085] The waveform, which shows a change of the
ionized current at this period (the voltage Vr at both ends
of the detecting resistor 21) from the time t3 to the time
t4 in Fig. 2, is formed a like-mountain in shape.

[0086] The ionized current shown in Fig. 2 shows the
waveform at the normal combustion, and it is seen that
the ionized current is generated in proportion to the
amount of generating the ion during the period from the
time t3 to the time t4.

[0087] Further, the detecting position of the voltage at
both ends of the detecting resistor 21 is the connecting
point between the detecting resistor 21 and the second-
ary winding L2, and the potential at this connecting point
is lower by the voltage Vr at both ends of the detecting
resistor 21 than the ground potential (0[V]). Therefore,
the nearer to a negative value the ionized current wave-
form (the nearer to the lower position in Fig. 2) is in Fig.
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2, the larger the flowing amount of the ionized current is.
[0088] Fig. 3 is a time chart showing respective con-
ditions of the 1st command signal Sa, primary current
i1 flowing in the primary winding, potential Vp of the
center electrode 13a of the spark plug 13, and voltage
Vr at both ends of the detecting resistor 21 (in other
words, the ionized current) in the circuit diagram shown
in Fig. 1 in case that the misfire generates without the
normal ignition of the air-fuel mixture.
[0089] The conditions of the respective parts from the
time t11 to the time t13 show almost the same changes
as those from the time t1 to the time t2 of Fig. 2. But,
during the period from the time t12 to the time t13, al-
though the spark discharge is generated between the
center electrode 13a and the earth electrode 13b of the
spark plug 13, this conditions during the period from the
time t12 to the time t13 is a misfire state of the air-fuel
mixture without igniting the air-fuel mixture.
[0090] The waveforms shown in Fig. 3 are assumed
as the misfire condition at the high speed rotation.
Therefore, the spark discharge ends at an early period
owing to turbulent flow of the air-fuel mixture and the
continuing time of the spark discharge is shorter than
that at the normal combustion. Further, the spark dis-
charge ends at the time t13, as the same case of Fig. 2,
the induced voltage (the ionized current generating volt-
age) generated at both ends of the secondary winding
L2 by the residual energy of the ignition coil 15 is sup-
plied to the spark plug 13.
[0091] However, since the air-fuel mixture is a misfire
state without igniting, in a cylinder ion does not exist.
Therefore, the ionized current does not flow between the
electrodes 13a - 13b of the spark plug 13.
[0092] Further, at the time t13 and thereafter, as seen
in Fig. 3, the.voltage Vr (the ionized current waveforms)
at both ends of the detecting resistor 21 is not substan-
tially changed.

when the voltage Vr (the ionized current) at both
ends of the detecting resistor 21 is changed by the ion-
ized current generating voltage generated by the resid-
ual energy of the ignition coil 15, it may be judged as a
state of the normal combustion, and when the voltage
Vr (the ionized current) at both ends of the detecting re-
sistor 21 is not changed, it is judged as a state of the
misfiring.
[0093] Atthetime t13 and thereafter, the induced volt-
age generated at both ends of the secondary winding
by the residual energy existing in the ignition coil is
charged in the floating capacitor Cf of the spark plug 13.
But the supplied charge in the floating capacitor Cf of
the spark plug 13 is not consumed but maintained at the
amount of the constant charge, since the ion does not
exist between the electrodes 13a - 13b of the spark plug
13 by causing the misfiring, and the diode for preventing
reverse current 31 is provided in the conductive path be-
tween the high voltage side 33 of the secondary winding
L2 and the spark plug 13.
[0094] Thus, the potential Vp of the center electrode
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13a of the spark plug 13 at the time t13 and thereafter
shows the almost constant waveforms.

[0095] At the time t13 and thereafter of the misfiring,
the voltage supplied in the floating capacitor Cf of the
spark plug 13 is consumed by the spark discharge dur-
ing periods outside of the ranges shown in Fig. 3.
[0096] In short, since there is a relationship that the
lower the pressure in the cylinder is, the lower the dis-
charged voltage in the spark plug 13 is, if the volume
within the cylinder is increased to reduce the pressure
by the piston actuating during the process between the
time t13 and thereafter of the misfiring and the time prior
to firing, the spark discharge is generated between the
electrodes of the spark plug 13 by the voltage charged
in the floating capacitor Cf.

[0097] By the way, the spark discharge is generated
at a time before shifting a subsequent combustion cycle
(a combustion cycle means to perform the air-inlet, com-
pression, combustion and air-exhaust).

[0098] Therefore, inthe presentembodiment, such an
object is always accomplished of checking the misfiring
by the spark discharge at the spark plug 13 when start-
ing the conduction to the primary winding, and thus the
subject matter of the invention is not influenced.
[0099] Incidentally, when the internal combustion en-
gine is operated at high speed, the spark discharge ends
at the early period because the turbulent flow of the air-
fuel. mixture in the combustion chamber is strong, and
the residual energy existing in the ignition coil becomes
large. In case the misfiring is generated when the inter-
nal combustion engine is operated at high speed, since
the residual energy existing in the ignition coil is large,
the induced voltage generated by the residual energy is
large in comparison with the low speed operation.
Therefore, at the high speed operation, the spark dis-
charge may be probably re-generated between the elec-
trodes 13a - 13b of the spark plug 13 owing to the volt-
age induced by the residual energy.

[0100] Fig. 4 is a time chart showing respective con-
ditions of the 1st command signal Sa, primary current
i1 flowing in the primary winding, potential Vp of the
center electrode 13a of the spark plug 13, and voltage
Vr at both ends of the detecting resistor 21 (in other
words, the ionized current) in the circuit diagram in Fig.
1, when the spark discharge is re-generated by the
spark plug. 13 after the misfiring.

[0101] The time t21 to the time t23 of Fig. 4 show the
same waveforms from the time t11 to the time t13 when
misfiring as shown in Fig. 3.

[0102] At the time t24 after passing the time t23, the
induced voltage, which is generated by the residual en-
ergy existing in the ignition coil 15, destroys insulation
between the electrodes 13a - 13b of the spark plug 13,
whereby the re-generation of the spark discharge oc-
curs. Therefore, potential Vp of the center electrode 13a
is down almost the equipotential to the ground potential.
[0103] The voltage Vr at both ends of the detecting
resistor 21 changes and instantaneously shows a large
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value, but the residual energy in the ignition coil is con-
sumed by the re-generation of the spark discharge and
thereafter, the voltage Vr at both ends of the detecting
resistor 21 does not change.

[0104] Therefore, after the ignition to the air-fuel mix-
ture is not made and even when the spark discharge is
re-generated by the residual energy existing in the igni-
tion coil, the waveform of the voltage Vr at both ends of
the detecting resistor 21, (that is, the waveform of the
ionized current detecting signal Si) is almost the same
as that at the time whenmisfiring, and accordingly it can
be judged as misfiring. Thus, even when the spark dis-
charge is re-generated, the precision of detecting the
misfiring may not be reduced.

[0105] Further explanation will be made to an ionized
current detecting process to be exerted in ECU 19 of the
ignition apparatus for internal combustion engine 1, re-
ferring to the flow chart shown in Fig. 5.

[0106] ECU 19isfor synthetically controlling the spark
discharge generating period (the ignition period) of the
internal combustion engine, the fuel jetting amount, and
the idle rotation number, and other than the ionized cur-
rent detecting process which will be explained as fol-
lows, ECU independently exerts the processes of de-
tecting operating conditions of the respective engine
parts such as the amount of intake air (the pressure in
the air inlet pipe), the rotating speed (the engine rotation
number), throttle angle, cooling water temperature, and
intake charge mixture temperature.

[0107] The ionized current detecting process shown
in Fig. 5 is exerted once per 1 combustion cycle of the
internal combustion engine performing the air-inlet,
compression, combustion and air-exhaust on the basis
of, for example, the signal from the crank angle sensor
detecting the rotation angle (the crank angle) of the in-
ternal combustion engine, and is further exerted togeth-
er with the ignition controlling process.

[0108] When the internal combustion engine starts
the ionized current detecting process, at first S110 ("S"
shows a step) reads the driving condition of the internal
combustion engine detected by the driving condition de-
tecting process exerted separately, and S120 deter-
mines the spark discharge generating period (so- called
ignition period) ts and the ionized current detection start-
ing period ti on the basis of the read driving conditions.
[0109] Inthe process of S110, itis preferable to read,
as operating conditions, information including the rota-
tion number of the internal combustion engine and an
engine load calculated by use of the throttle angle and
the negative pressure of the air inlet pipe (the amount
of intake air)

[0110] In the process of S120, the spark discharge
generating period ts is determined through the conven-
tional procedure demanding a controlling standard val-
ue by using a map or a calculating formula having pa-
rameters of the engine rotation number and the engine
load, and correcting the controlling standard value on
the basis of cooling water temperature and intake
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charge mixture temperature.

[0111] In orderthat a period ti starting detection of the
ionized current is set at a time when the spark discharge
naturally ceases, the period ti is determined by use of
the previously prepared map or calculating formula on
the basis of the operating conditions including the en-
gine rotation number and the engine load. The map or
the calculating formula to be used at this time are so
structured that the period ti is set at a late period under
the operating condition of moderate combustion of the
air-fuel mixture (the low rotation and the low load), while
the period ti is set at an early period under the operating
condition of rapid combustion of the air-fuel mixture (the
high rotation and the high load). In the embodiment, the
optimum period ti starting detection of the ionized cur-
rent is set by using the map, which has the parameters
of the engine rotation number and the engine load.
[0112] In the process of S130, finding a conduction
starting period of the primary winding L1 on the base of
the spark discharge generating period ts set at S120,
and the conduction starting period of the primary wind-
ing L1 sets up early by the predetermined conductive
time of the primary winding L1 with respect to the spark
discharge generating period ts.

[0113] If the conduction starting period (the time t1
shown in Fig. 2) is coming, the 1st command signal Sa
is changed from the low level to the high level.

[0114] When the 1st command signal Sa is switched
from the low level to the high level by the process of
S130, the transistor 17 is ON, so that the primary current
i1 flows. in the primary winding L1 of the ignition coil 15.
[0115] The conductive time of the primary winding L1
till the spark discharge generating period ts is in ad-
vance determined such that the energy accumulated in
the ignition coil 15 by the conduction to the primary wind-
ing L1 becomes a maximum sparking energy enabling
to burn the air-fuel mixture under every operating con-
dition of the internal combustion engine.

[0116] A subsequent S140, being based on the de-
tecting signal from the crank angle sensor, judges
whether the process comes to the spark discharge gen-
erating period ts set at S120 or not. If not, this step is
repeatedly exerted until the process comes to the spark
discharge generating period ts. When it is judged at
S140 that the process comes to the spark discharge
generating period ts (the time t2 shown in Fig. 2), the
process moves to S150.

[0117] Then, S150 changes the 1st command signal
Sa from the high level to the low level, and as a result,
the transistor 17 turns off to cut off the primary current
i1, whereby the magnetic flux density of the ignition coil
15 rapidly changes. Therefore, the high voltage for firing
generates in the secondary winding L2 and the spark
discharge is generated between the electrode 13a - 13b
of the spark plug 13.

[0118] A following S160 judges if the process comes
to a period ti of starting detection of the ionized current
set at $S120. If not, this step is repeatedly exerted until
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the process comes to the period ti of starting detection
of the ionized current.

[0119] When it is judged at S160 that the process
comes to the period ti of starting detection of the ionized
current (the time t3 shown in Fig. 2), the process moves
to S170. S170 starts the reading of the ionized current
detecting signal Si.

[0120] Herein, the period ti of starting detection of the
ionized current is set at a period when the spark dis-
charge naturally ceases in the process at S120, and
when the process comes to S170, the spark discharge
naturally ceases and the induced voltage is generated
at both ends of the secondary winding L2 by the residual
energy existing in the ignition coil 15. This induced volt-
age is supplied as the ionized current generating voltage
between the electrode 13a - 13b of the spark plug 13.
[0121] At a time when the ionized current generating
voltage caused by the residual energy in the ignition coil
15 is supplied between the electrode 13a - 13b of the
spark plug 13, if an ion exists between the electrodes
13a - 13b, the detected current io in proportion to the
ionized current is generated by the electric charge sup-
plied to the floating capacitor existing in the conductive
path of the secondary current including the floating ca-
pacitor Cf of the plug 13 by the ionized current generat-
ing voltage.

[0122] Thus, the potential of the connecting point be-
tween the detecting resistor 21 and the secondary wind-
ing L2 is changed in response to the voltage Vr at both
ends of the detecting resistor 21. After starting a process
of S170, ECU 19 continuously performs in the .interior
thereof a reading process of the ionized current detect-
ing signal Si output from the detecting circuit 25 in re-
sponse to changing of the voltage Vr at both ends of the
detecting resistor 21.

[0123] Subsequently, at S180, after S160 judges Yes,
it is judged if the process passes the time of reading the
detecting signal previously setin ECU 19 as the time for
reading the ionized current detecting signal Si. If judging
No, the process waits for by repeatedly exerting this
step.

[0124] AtS180, when judging thatthe process passes
the time of reading the detecting signal (the time t4
shown in Fig. 2 and the time t14 in Fig. 3), the process
moves to S190. In this embodiment, the time of reading
the detecting signal may be a fixed value determined in
advance, irrespective of the operating conditions of the
internal combustion engine, and may have an appropri-
ate value coping with the operating conditions.

[0125] S190 stops the reading process of the ionized
current detecting signal Si started in S170. When the
process at S190 ends, the present ionized current de-
tecting process ends.

[0126] ECU19 independently exerts a non-fire judg-
ing process for judging presence or absence of the mis-
firing in the internal combustion engine on the basis of
the detecting current io in proportion to the ionized cur-
rent generated between the electrodes 13a - 13b of the
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spark plug 13. Namely, this non-fire judging process car-
ries out the judgement of the misfiring during the period
between the time t3 and the time t4 in Fig. 2 on the basis
of the ionized current detecting signal Siissued from the
detecting circuit 25.

[0127] The misfiring judging process compares a
peak value of the ionized current detecting signal Si ex-
cept a peak value immediately after the time t3 with a
judging standard value determined in advance for judg-
ing the misfiring, and judges a case of peak values be-
low the judging standard value as the misfiring. Another
misfiring judging process calculates an integral value of
the ionized current detecting signal Si except the peak
value immediately after the time t3 during the period
from the time t3 to the time t4, compares this integral
value with the judging standard value determined in ad-
vance for judging the misfiring, and may judge a case
of the integral value below the judging standard value
as the misfiring. By the way, the respective judging
standard values used for judging the misfiring are not
limited to fixed values determined in .advance, but may
determine values by use of a map or a calculating for-
mula having parameters of the engine rotation number
and the engine load on the basis of the operating con-
ditions of the internal combustion engine (for example,
information including the engine rotation number and
load).

[0128] As mentioned above, in the ignition apparatus
1 for internal combustion engine of the embodiment, the
diode for preventing reverse current 31 is provided be-
tween the secondary winding L2 of the ignition coil 15
being the conductive path of the secondary current i2
and the center electrode 13a of the spark plug 13, there-
by to limit the current flowing direction in the conductive
path of the secondary current i2 to be one direction.
[0129] The diode for preventing reverse current 31
cuts off the conduction of the secondary current i2 by
high voltage occurring at both ends of the secondary
winding L2 when starting conduction to the primary
winding L1.

[0130] Therefore, when starting conduction to the pri-
mary winding, the spark discharge does not occur be-
tween the electrodes (between the center electrode 13a
and the earth electrode 13b) of the spark plug 13.
[0131] In the present ignition apparatus for internal
combustion engine, by supplying the induced voltage
(the ionized current generating voltage) generated by
the residual energy in the ignition coil 15 after ending
the spark discharge, the ionized currentis generated be-
tween the electrodes 13a - 13b of the spark plug 13.
That is, the ignition coil 15 (the secondary winding L2)
serves as the power supply producing the high voltage
for firing for causing the spark discharge between the
electrodes of the spark plug 13 and also serves as the
current source producing the ionized current between
the electrodes of the spark plug 13.

[0132] Herein, the residual energy existing in the ig-
nition coil when ending the spark discharge of the spark
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plug, is insufficient for continuing the spark discharge,
but has the sufficient amount for generating the ionized
current by charging the floating capacitor in the conduc-
tive path of the secondary current. That is, the voltage
for generating the ionized current at both ends of the
secondary winding by the residual energy after ending
the spark discharge is around 1 to 5 [kV].

[0133] Such a voltage for generating the ionized cur-
rent at both ends of the secondary winding is higher than
a voltage, which is 100 to 300 [V] in the related art, ac-
cumulated by a capacitor for generating an ionized cur-
rent, which is supplied between electrodes of the spark
plug. Therefore, a larger ionized current than the one in
the. related art flows between the electrodes of the spark
plug, so that a detection accuracy of the ionized current
may be improved.

[0134] The detecting resistor 21 forms the closed loop
together with the spark plug 13 and the secondary wind-
ing L2 of the ignition coil 15 when supplying the ionized
current generating voltage between the electrodes of
the spark plug 13, and can detect the detecting current
io in proportion to the ionized current generated be-
tween the electrode of the spark plug 13.

[0135] ECU 19 calculates the voltage at both ends of
the detecting resistor 21 based on the ionized current
detecting signal Si and divides the calculated voltage
with the resistance value of the detecting resistor 21 for
calculating the current value of the ionized current.
[0136] Inthe ignition apparatus 1 for internal combus-
tion engine of this embodiment, the spark plug 13 and
the ignition coil 15 (the secondary winding L2) are con-
nected such that when breaking the conduction of the
primary current i1, the high voltage for firing is supplied
where the center electrode 13a of the spark plug 13 is
positive potential. Therefore, the induced voltage gen-
erated by the residual energy of the ignition coil 15 is
supplied between the electrodes 13a - 13b where the
center electrode 13a of the spark plug 13 is positive po-
tential, so that the detecting precision of the ionized cur-
rent can be more heightened.

[0137] Herein, Fig. 6 shows the measured results of
the ionized current respectively measured at the normal
combustion and at the misfiring by use of the embodied
ignition apparatus for internal combustion engine. Fig.
6A is the measured results at the normal combustion
(ignition), while Fig. 6B is the measured results at the
misfiring.

[0138] For measuring, a gas engine is used, and the
procedures are performed by adjusting the air/fuel ratio
for detecting the ionized current in the respective cases
of setting the operating condition to be the normal com-
bustion and setting the operating condition to be misfir-
ing.

[0139] As to measuring at the misfiring, the misfiring
condition was made by trial by not supplying the fuel for
measuring. In measuring, the detecting resistor is a re-
sistance element having a resistance value of 100 [k€2].
[0140] As to the measured results shown in Fig. 6A,
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the time t31 is the spark discharge generating period
(the ignition period) and the time t32 is the ending period
of the spark discharge. The waveform of the ionized cur-
rent shows a large change before about 0.5 [mS] of the
time t31 until the time t32, and this is. created by the
discharged current flowing by the spark discharge and
not by the ionized current. The waveform of the ionized
current shows the peak value (about 0.7 [V]) at the time
t33 after about 1.1 [mS] passes from the time t32. After
the peak value, the current value gradually decreases,
and at the time t34, the ionized current does not flow.
[0141] Next, as to the measured results shown in Fig.
6B, the time t51 is at the spark discharge generating pe-
riod (the ignition period) and the time t52 is at the ending
period of the spark discharge. The waveformof the ion-
ized current shows a large change before about 0.5 [mS]
of the time t51 and after about 0.2 [mS] of the time 152,
and this change is created by the discharged current
caused to flow by the spark discharge and not by the
ionized current. It is shown that the waveform of the ion-
ized current shows almost constant value after about 0.2
[mS] of the time t52, and the ionized current does not
flow (showing about 0.2 [V] at the detecting period of the
ionized current).

[0142] As to the potential of the center electrode of
the spark plug, a potential of the time t53 passing about
3.0 [mS] from the time t52 is a higher potential than the
potential before the time t51, and it is shown that the
residual energy still remains in the ignition coil. This is
attributed to that the supplied charge in the floating ca-
pacitor of the spark plug charged from the residual en-
ergy of the ignition coil is not consumed for detecting the
ionized current since the diode for preventing reverse
current is provided, and the ion does not occur between
the electrodes of the spark plug.

[0143] Comparing the time of the normal combustion
(Fig. 6A) and the time of the misfiring (Fig. B) in the
measured results, it is seen that the waveforms of the
ionized current after passing the periods of ending the
spark discharge (the time t32 and the time t52) are re-
spectively different. That is, at the normal combustion
(Fig. 6A), the waveform of the ionized current is formed
like a mountain in shape having the peak value at the
time t33 after the period of ending the spark discharge,
while at the misfiring (Fig. 6B), the waveform of the ion-
ized current scarcely changes after passing the period
of ending the spark discharge.

[0144] It is seen from the measured results shown in
Fig. 6 that the ionized current can be detected by use of
the present ignition apparatus for internal combustion
engine and the misfiring can be detected from the de-
tected results of the ionized current. The misfiring can
be detected, for example, if the judging standard value
for judging the misfiring is determined in advance to be
at 0.4[V] for judging if the peak value of the waveform
of the ionized current is above the judging standard val-
ue.

[0145] In the embodiment, the transistor 17 corre-
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sponds to the switching means set forth in the aspects
of the invention, the detecting resistor 21 is the current
detecting means therein, and the supplied voltage lim-
iting Zener diode 23 is the supplied current limiting
means.

[0146] Herein, the ignition apparatus for internal com-
bustion engine of the invention is so structured as to uti-
lize the induced voltage occurring at both ends of the
secondary winding by the residual energy of the ignition
coil as source of the ionized current.

[0147] Namely, this ignition apparatus for internal
combustion engine accumulates the supplied electric
charge in the floating capacitor existing in the conduc-
tive path of the secondary current including the floating
capacitor of the spark plug by means of the induced volt-
age, and makes use of this accumulated supplied
charge so as to produce the ionized current between the
electrodes of the spark plug.

[0148] Since the magnitude of the ionized current is
changed by the operating conditions of the internal com-
bustion engine (in other words, the induced voltage
caused by the residual energy of the ignition coil) or by
the magnitude of the floating capacitor existing in the
conductive path of the secondary current, if the induced
voltage is low and the floating capacitor is small, the ion-
ized current is small and the ionized current may not be
probably detected.

[0149] Undera condition that the ionized currentis as-
sumed to be smallest (when the induced voltage is 1[kV]
and the floating capacitor of the spark plug is 10[pF]),
the ignition apparatus 1 for internal combustion engine
shown in Fig. 1 is employed so as to calculate by trial a
voltage detected by use of the detecting resistor of the
same 100[kQ] as in the embodiment shown in Fig. 6.
[0150] Assuming thata minimum value considered as
the induced voltage is 1 [kV], a minimum element of the
floating capacitor existing in the conductive path of the
secondary current is only the floating capacitor of the
spark plug, and a minimum value considered as the
floating capacitor of the spark plug is 10[pF], these nu-
merical values are applied to the above conditions. A
time of detecting the ionized current is equivalent to the
time (2[mS]) of detecting the ionized current of the em-
bodiment shown in Fig. 6.

[0151] Herein, the charge Q accumulated in the float-
ing capacitoris, as shown in [Formula 1], expressed with
"Q = Idt" as the time integral of the current value |, and
when the current value | is fixed and the conductive time
is t, the charge Q is expressed with "Q = | - t". Further,
assuming that the value of the floating capacitor of the
spark plug is C and the induced voltage generated at
both ends of the secondary winding by the residual en-
ergy of the ignition coil is V, the charge Q accumulated
in the floating capacitor is expressed as shown in [For-
mula 2]

[Formula 1]
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Q=lIdt=1-t

[Formula 2]

Q=CV

[0152] By usingthese formulae ([Formula 1] and [For-
mula 2]), the current | is expressed as [Formula 3].

[Formula 3]

I =Q/t=CVit

[0153] Ifthe above mentioned conditions (the induced
voltage is 1[kV], the floating capacitor of the spark plug
is 10[pF], and the ionized current detecting time is 2
[mS]) are substituted in [Formula 3], the current value |
is 5.0[uA] by the current value | = (10[pF] x 1[kV])/2[mS].
The voltage V at both ends of the detecting resistor of
100[kQ2] is V = 5.0[uA] x 100[kQ] = 0.5 [V]. Since the
voltage at both ends of the detecting resistor is calcu-
lated herein on an assumption that the current value is
fixed, the peak value in the actual ionized current wave-
form is assumed as a larger value than 0.5[V]. As a re-
sult, under a condition that the ionized current is as-
sumed to be smallest, it is seen that the voltage value
detected in the detecting resistor has a distinguishable
difference from the current value (about 0.2[V]) of the
detecting resistor at misfiring shown in Fig. 6.

[0154] Thus, intheignition apparatus forinternal com-
bustion engine of the invention, the normal combustion
or the misfiring can be judged by setting a suitable value
(for example, 0.4[V]) to the judging standard value for
judging the misfiring even under a condition that the ion-
ized current is smallest.

[0155] The embodiment of the invention has been ex-
plained, but the invention is not limited to the embodi-
ment but may adopt various modifications.

[0156] For example, as the period ti of starting detec-
tion of the ionized currentin the ionized current detecting
process is determined to include the ionized current oc-
curring period, the period ti may be determined earlier
than a period when the spark discharge naturally ceas-
es. The period of starting detection of the ionized current
is not a changing period to be determined in response
to the operating conditions, but may be a fixed period
previously determined.

[0157] In addition, the combustion condition enabling
to be detected by using the ionized current is not only
the misfire but also, for example, knocking. Also for de-
tecting the knocking, it may be judged in that the ionized
current flowing between the electrodes of the spark plug
is detected, and the waveform of the detected ionized
current is analyzed.
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Claims

An ignition apparatus for an internal combustion en-
gine comprises:

an ignition coil comprising a primary winding
and a secondary winding, wherein the second-
ary winding has a high voltage side and a low
voltage side, and the ignition coil generates a
firing voltage supplied to the secondary winding
by cutting off a primary current flowing in the
primary winding;

a switching device for conducting and cutting
off the primary current;

a spark plug connected in series to the second-
ary winding to form a closing loop, wherein a
spark discharge is generated in the spark plug
when a secondary current generated by the fir-
ing voltage flows in the spark plug;

a diode for preventing a reverse current, con-
nected to a conducting path between the spark
plug and the high voltage side;

a supplied voltage limiting device holding a volt-
age applied to the current detecting device be-
low a predetermined value when the firing volt-
age is generated; and

a current detecting device connected in series
to the secondary winding and the spark plug.

The ignition apparatus for an internal combustion
engine according to claim 1, wherein the diode con-
ducts the secondary current when a primary current
is cut off, the diode cuts off the secondary current
when a primary current starts to flow.

The ignition apparatus for an internal combustion
engine according to claim 1 or 2, wherein an ionized
current generating voltage is supplied to the sec-
ondary winding by a residual energy when the re-
sidual energy is remained in the ignition coil after
the spark discharge.

The ignition apparatus for an internal combustion
engine according to claim 3, wherein the current de-
tecting device detects a current in proportion to the
ionized current, which is generated when the ion-
ized current generating voltage is supplied to the
spark plug.

The ignition apparatus for an internal combustion
engine according to claim 4, wherein the current de-
tecting device includes a detecting resistor, one end
thereof is connected to the low voltage side, the oth-
er end thereof is connected to a ground, and the
current detecting device detects a current in propor-
tion to the ionized current by using a voltage applied
to the detecting resistor.
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The ignition apparatus for an internal combustion
engine according to claim 5, wherein the supplied
voltage limiting device includes a Zener diode con-
nected in parallel to the detecting resistor, the an-
ode of the Zener diode being connected to the end
of the detecting resistor which is connected to the
low voltage side.

An ignition apparatus for an internal combustion en-
gine comprises:

an ignition coil comprising a primary winding
and a secondary winding, wherein the second-
ary winding has a high voltage side and a low
voltage side, and the ignition coil generates a
firing voltage supplied to the secondary winding
by cutting off a primary current flowing in the
primary winding;

a switching device for conducting and cutting
off the primary current;

a spark plug connected in series to the second-
ary winding to form a closing loop, wherein a
spark discharge is generated in the spark plug
when a secondary current generated by the fir-
ing voltage flows in the spark plug;

a diode for preventing a reverse current, con-
nected to a conducting path between the spark
plug and the high voltage side, wherein the di-
ode conducts the secondary current when a pri-
mary current is cut off, the diode cuts off the
secondary current when the primary current
starts to flow;

a current detecting device connected in series
to the secondary winding and the spark plug;
and

a supplied voltage limiting device holding a volt-
age applied to the current detecting device be-
low a predetermined value when the firing volt-
age is generated,

wherein an ionized current generating voltage
is supplied to the secondary winding by a residual
energy when the residual energy is remained in the
ignition coil after the spark discharge, the current
detecting device detects a current in proportion to
the ionized current, which is generated when the
ionized current generating voltage is supplied to the
spark plug.

The ignition apparatus for internal combustion en-
gine according to claim 7, wherein the current de-
tecting device includes a detecting resistor, one end
thereofis connected to the low voltage side, the oth-
er end thereof is connected to a ground, and the
current detecting device detects a currentin propor-
tion to the ionized current by using a voltage sup-
plied to the detecting resistor.
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The ignition apparatus for internal combustion en-
gine according to claim 7 or 8, wherein the supplied
voltage limiting device includes a Zener diode con-
nected in parallel to the detecting resistor, the an-
ode of the Zener diode being connected to the end
of the detecting resistor which is connected to the
low voltage side.
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